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ABSTRACT 
Quantitative thin-layer chromatography was employed for determining the amount 
and composition of skin surface lipid from the forehead, cheek, chest, back, side, arm, 
and leg of adult male subjects . These data served as a ba is for determining the relative 
contribution of epidermal and sebaceous lipids to the extractable surface lipid. The re-
sults indicate that lipid produced by the epidermis is an insignificant fraction of the 
total extractable su rface lipid on areas rich in sebaceou gland , but can affect urface 
lipid composition on the limbs and on the trunk away from the midline. The amount 
of epidermal lipid recovered from the kin urface ayeraged between 5 and 10 f..Lg per 
sq em, compared with average recoveries of 150 to 300 f..Lg of sebum per sq em from 
the forehead. 
The lipid extractable from the human skin 
surface with organic solvents is a mixture of 
ebum and of lipid produced by the keratiniz-
ing pidermis. On those areas with a high 
den ity of sebaceous gland the proportion of 
ehum in the urface lipid i obviously higher 
than where ebaceous gland are sparse. Haw-
ver, the relative contributions of lipid from 
the two sources have never been determined, 
although many workers have attempted to use 
variation in this ratio to predict the compo-
ition of chum and epidermal lipid (1, 2, 3). 
Recent! , Wilkinson attempted to accentuate 
va riation in the ratio of sebum and epidermal 
hpid by collecting urface lipid at various times 
after defatting the skin of the forearm ( 4). 
However, his results were not conclusive re-
O'arding th ompo ition of the epidermal lipid 
or th relative contributions of epidermal lipid 
an l ebum. 
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We have reinvestigated the question of 
anatomical variation in the composition of skin 
surface lipid in order to determine the extent 
of the sebaceous and epidermal cont ribut ion to 
the surface film. 
MATERIALS AND METHODS 
Skin surface lipid was collected from five adult 
male volunteers 20 to 40 years of age, on two sep-
arate occasions. One group of three subjects 
washed thoroughly with Ivory® soap and water 
three hours before each collection, while the re-
maining two washed approximately twelve hours 
before the collections. The extraction sites in-
cluded forehead. cheek, chest (sternum ), back 
(interscapular), side (lowest rib) , volar forearm, 
and the calf of the leg. Five ml of hexane was 
introduced into a glass cylinder of 10 sq em 
era s-sectional area held firmly to the skin and 
the solvent withdrawn with a pipette. To facili-
tate quantitation the hexane contained known 
concentrations of methyl nen·onate (10 or 50 
,ug/ ml) as an internal standard. The recovered 
lipid solutions were evaporated with u stream 
of nitrogen and the lipid residue redi solved in 
0.2 ml of hexane. 
For analysis and quantitation by thin-layer 
chromatography. suitable Yolumes of the lipid so-
lutions (3 to 20 ,ul) were applied to 7 mm wide 
lane ruled on standard 20 X 20 em glass plates 
coated with a 025 mm layer of ilica Gel G 
(E. Merck & Co.), as previously described ( 5). 
The plate were developed successively in hexane 
(to 19 em), benzene (to 19 em) , and finally a 
mixture of hexane:ether:acetic acid (70:30:1, to 
10 em). The resolved lipids were charred by pra~·­
ing wi h 50% sulphuric acid and heating to 220° C 
on a hot plate. When cool. the chromatourams 
"·ere quantitated b~· canninu with a photodensi-
240 
ANATOMICAL VARIATION OF SKIN LIPID 241 
... 
100 
... 
C( 
"' 
z 
...
2 
a: 
... 
v 
0 
> 
• ... 
z 
>-
... 
~ ... >-
a: :z: 
"' 
... ... 
... 
2 
v 
C( z 
I "' a: 
... 
"' ... a: 
>-
... 
... 
C( 
... 
... 
... 
a: 
... 
0 
... 
... D. 
"' 0 a: ... 
0 Q • ... 
"' • 
... 
Ill ... 
"' C( v ... 
>- ... z ... 0 
!:? " :z: Q v 
"' 
... 
... ... 
"' 
... 
)( ... z 
C( ... ... 
~ ... C( 0 
a: :I 
... 0 
... 
"' 
"' ... 
... 
0 
:z: 
v 
0 
0 6 7 8 9 
Fra. 1. Photodensitometer scan of a skin surface lipid sample, with methyl nervonute 
internal standard, resolved on a thin-layer chromatogram and charred. 
tometer (Photovolt Model 52-C) attached to a 
strip-chart recorder (Varicord Model 42-B). P eak 
areas on the recorder chart, corresponding to the 
pots on the chromatograms, were determined by 
triangulation, and the data adjusted for the ef-
ficiency of charring of each class of compound 
(5). The relative amount of each lipid class in 
each chromatogram was calculated as a proportion 
of the total of the adjusted peak areas. In addi-
tion. the ab olute amounts of lipid were deter-
mined by relation to the peak area for the methyl 
nervonate internal standard. Paraffin hydrocar-
bons, when present. were excluded from the calcu-
lations of composition and do no t influence the 
results. 
For graphical presentation of the data, slope 
and intercepts for straight lines were obtained 
h~· comouter anal~·si s by the method of I ast 
._quares . 
RESULTS 
Figure 1 illustrate a typical photodensitom-
eter record of the resolYed skin surface lipids, 
together with the methyl nervonate internal 
tandard. Each of the lipid classes was suffi-
ciently well-resolved for adequate quantita-
tion. The average amounts and composition of 
urface lipid recovered from each site for each 
of the two groups of subjects are shown in 
Table I. 
For interpretation of the results of the 
analyses, the weight of each lipid sample was 
plotted against the weights of each of the major 
constituents in each sample. Separate graphs 
were prepared for each of the anatomical sites 
._tudied (Fig. 2). In carrying out this pro-
cedure the weights of triglycerides, diglycerides 
and free fatty acids in each sample were 
combined in a value termed "trio-lycerid 
fatty acids." This was done in order to elimi-
nate variation due to differino- deo-rees of 
hydrolysi of the triglycerides by bacterial or 
epidermal lipase . In each ca e, each s ries of 
points fell close to a straight line, the inter-
cept of which with the abscissae, computed by 
the method of least squares, are shown in 
Table II. With one exception (the fo rehead) 
the intercepts for triglyceride fatty acids were 
negative, while tho e for both wax ester and 
squalene were positive. The average value of 
the intercepts for wax ester and squalene fell 
in the range of 5 to 10 }Lg per sq em. ince 
these compound are generally considered to be 
produced by the sebaceou o-landN and not by 
epidermis, this result may be interpreted as 
meaning that no sebum would be present if the 
level of surface lipid was as low as 5 to 10 p.g 
per sq em. This, then, must repre~ent the 
quantity of lipid contributed by the epidermis. 
The negative value of the intercepts for 
trio-lyceride fatty acids implies that epidermal 
lipid contains a higher proportion of triglycer-
ide than does sebum. 
The exception to these results in the case 
of the forehead i believed to be a reflection of 
variability of the lipid composition rather than 
any inherent difference at this site. The effect 
of uch variation can be reduced by averao-ing. 
Thus, the result of all of the seventy analy e 
may be combined by plotting the average 
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FIG. 2. Quantities of the major components of the ·kin surface lipids plotted against 
total amount of lipid in each individual sample from the anatomical sites sho,Yn. 
weight of th con tituents against the average 
quantity of surface lipid for each of the ana-
tomical ite , as shown in Figure 3A. 
To expres" more directly the relation hip 
b tween the quantity and the composit ion of 
surface lipid, irrespective of anatomical origin, 
all of the result m::~,y be plotted individunlly 
on the one graph. This produced too many 
co in iden points for pre entation, but the 
ab ci al int rccpts obtained by computation 
on thi basi. are hm n in Table II. To elimi-
nat m rlnppin(T the re ults may be avera(Ted 
for rnno-e~ of w i(Tht of recov red surface 
lipid u hown in Figure 3B. The ab cissal 
int r pt computed for this treatment are also 
iv n in Table II. 
The re ult may also be presented in the 
more usual form of a graph of percentage 
composition plotted against weight of re-
covered lipid. Thi method of expression pro-
vides additional insight, as shown in Figure 4, 
where the results are averaged for each ana-
tomical site, for t he three-hour ( 4A) and the 
twelv -hour (4B) accumulation periods. It is 
apparent that with increasing quantities of 
surface lipid (reflecting greater contributions 
of ebum) wax esters and squalene increase, 
while th proportion of cholesterol and choles-
terol e ters decrea e. The proportion of each of 
the con tituent become nearly constant when 
the amount of total lipid reache 50 to 100 
p.g per sq em, indicating that the influence of 
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FIG. 3. Average quantities of lipid components from different anatomical sites plotted 
against the average total lipid recovered from the respective sites. (Combined results for 
five subjects, each extracted on two occasions.) B. Average quantities of lipid components 
in successive ranges of total lipid extracted, plotted against the average quantities of total 
lipid in each of the ranges shown. (Combined results for five subjects, each extracted on two 
occasions.) 
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FIG. 4. Average composition of skin surface lipids from different anatomical sites 
plotted a~ainst the average total lipid recovered from the respective ites. A. Results for 
three subJects washed three hours prior to extraction of the surface lipids on each of two 
occasions. B. Results for two subjects washed twelYe hours before extraction of surface 
lipids, each on two occasions. 
epid rmal lipid become in -·ignificant above 
thi ran()' . The fact t hat the proportions of 
chole t rol and chole terol esters do not con-
tinue to fall at hiO'her levels of surface lipid 
accumulation is e idence that these are also 
con ituent of sebum, but at lower concen-
with increasing lipid accumulations shown in 
Figure 5 and the negative abscissa! intercept 
computed for the straight lines in that graph. 
The composition of the lipid at high levels 
of accumulation may thereiore be accepted as 
the approximate composition of pure sebum. 
The average composition of the lipid samples 
recovered in amounts greater than 100 p.g per 
t rati n th n in epidermal lipid . Thi 
interpr tation i reflected in t he increase in 
amount of chole terol and cholesterol esters q em is given in T able III. 
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FIG. 5. Average quantities of cholesterol and cholesterol esters in different ranges of total 
lipid extracted, plotted against the average quantities of total lipid in the same ranges as in 
Figure 4B . (Combined results for five subjects, each extracted on two occasions.) 
DISCUSSION 
·while the composition of human skin sur-
face lipid has been studied by many workers, 
interpretations have been inhibited by lack of 
knowledge of the relative contributions of 
~ebum and epidermal lipid. The present study 
indicates that the quantity of extractable epi-
dermal lipid is between 5 and 10 J.Lg per sq 
em, compared with 150 to 300 J.Lg of sebum 
per ·q em on the forehead. The epidermal 
lipid, therefore, contributes about 3 to 6o/o of 
the urface lipid on the forehead. The influ-
ence of epidermal lipid on urface bpid com-
po ition i dimini. bed by virtue of the fact 
that it major con tituent, triglyceride, i pres-
ent in approximately the same proportion in 
~ebum . As a result, the contribution of epi-
dermal lipid doe~ not produce a significant 
effect on composition unless the quantity of 
surface lipid is less than about 100 J.Lg per 
sq em. Thus, when ufficient time i allowed for 
its accumulation the composition of the sur-
face lipid is similar for the forehead, face, 
chest and back. Significant deviations may 
occur on the limbs and on areas of the trunk 
away from the midline at short periods of ac-
cumulation. In unpublished studies, we have 
induced reductions of up to 70o/o in sebum pro-
duction without detectable change in the com-
position of surface lipid of the forehead. This 
again demonstrates the slight epidermal con-
tribution. 
It seems probable that washing with soap 
and water failed to extract an appreciable pro-
portion of the lipid in the stratum corneum, 
because of the known effectivene s of this 
tissue as a barrier to water. Furthermore, 
the use of a water-immi cible solvent for the 
extractions probably prevents penetration to 
the moist levels of the epidermis and limits 
extraction to the desiccated surface layers. Thus, 
the quantities of epidermal lipid recovered are 
unlikely to be related to the total amount of 
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Site 
Forehead 
Cheek 
hest 
Back 
Arm 
Side 
Leg 
For head 
Cheek 
hest 
Back 
Arm 
ide 
Leg 
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TABLE I 
Anatomical variation in amount and composition of human skin surface lipid 
Composition (weight percent) 
I 
Total lipid I CH (J..g/sq em) CE TG DG FA WE SQ 
A. Three-hour accumulation 
160 1.2 2.9 30.3 2.3 24.1 27.0 12.3 
104 2.0 3.9 20.9 2.9 22.4 24.3 13.5 
59 1.6 2.9 32.7 2.3 28.1 21.7 10.7 
38 2.1 3.0 34.5 2.7 24.9 21.9 10 .7 
30 4.1 4.4 30.7 1.5 36.4 15 .8 6.9 
29 3.9 5.3 39.2 1.9 23.4 17.7 .5 
1H 9.4 7.5 24 .2 1.8 37.8 12.9 6.2 
B . Twelve-hour accunmlation 
2 1.1 2.7 29 .6 3.5 27.2 25.9 10 .1 
144 1.1 3.4 39.4 2.7 15.4 26.9 11.2 
122 1.3 2.6 29.7 5.4 24.9 25.7 10.3 
84 2.2 2.0 35.9 4.5 17.4 27.4 10.6 
7() 4.8 4.3 34.3 2.4 18.4 27.7 8. 1 
57 4.3 4.5 47.1 1.9 7.6 24.9 9.0 
57 6.3 6.0 44.6 1.5 10.2 23.1 8. 1 
TABLE II TABLE III 
TG & 
DG &FA 
56.7 
56 .2 
63.1 
62.1 
68.6 
64.5 
63. 
60.3 
57.5 
60.0 
57. 
55.1 
50 .6 
56.3 
lnlercepl on the abscissae, calcnla.ted by the method 
of lea.sl squa1·es 
Approximate comvosition of sebum (average compo -
sition of su1jace lipid samples recoveTed in 
amounts grea ter llwn 100 JJ.g / sq em) 
Site 
Triglyceride 
fatty acids Wax I Squalene esters 
(micrograms per sq em) 
(a.) for Fig. 2 
Forehead 2.9 3.0 -11.5 
h ck -11. 6.6 23.0 
hcst - ).3 14.4 5.6 
Bark -7.1 11 .5 4. 
' id - 11 . 13.4 11.6 
Arm -6. 10 .0 0.1 
L 1!. -2.0 7.4 2. 
• verage -6.4 9.9 5.2 
(b) fo1· all siles cvmbined 
(i) individual anal- -4.2 4.9 16.5 
y 
(ii) w ight ranges -2.7 5.5 9.2 
(Fig. 3B) 
Constituents 
Tri glycerides 
Wax esters 
8qualene 
Cholesterol e. ters 
Cholesterol 
wt.% 
57.5 
26.0 
12.0 
3.0 
1.5 
lipid present in the full thickness of the epl-
dermi . 
It is of interest to note, however, that the 
average quantity of lipid recovered from the 
forehead after twelve hours (2 I fLg sq 
em) agrees with the value of 2 0 fLg re-
ported by Kirk (6) for the same accumulation 
period for males in a similar age range. Kirk 
reported a recovery of 224: f.l.g/ sq em from 
the forehead after a four-hour period, compared 
with 160 fLg for three hours in the present 
study. 
With the low levels of lipid accumulation en-
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countered, the question of contamination by 
exogenou lipids must be considered. In this 
study such contamination was minimized by the 
thorouah wa bing of the extracted areas im-
mediately prior to the accumulation period. 
I ,·ory oap was employed for this purpose since 
it does not contain added lipids, and consists 
almost exclusively of the sodium salts of fatty 
acid . Triglycerides, cholesterol, and cholesterol 
esters, which \Ye find to be the principal con-
stituents of epidermal lipid, are not present in 
the oap in significant amounts. The presence 
of paraffin hydrocarbons, which have often 
been reported a. contaminants of human skin, 
n·ould not influence the present re ults since 
the e lipids are re olved from the lipid classes 
pre~ent in the skin and have been excluded from 
our calculations. 
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